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‘1’hc resolution of synthetic aperture radar is limited by the frequency range and linearity of
the transmitted swept frequency signal. Substantial improvement of the range and linearity of
todays all electronic swept frequency generators has proven difficult. We present a new
approach using an optical delay line to linearize the sweep rate of swept microwave or optical
sifylals.
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Abstract

i’he resolution of synthetic aperture radar is limited by the frequency range
and linearity of the transmitteds wept frequency signal. Substantial
improvement of the range and linearity of today’s all electronic swept
frequency generators has proven d~icult.  We present a new approach using an
optical delay line to linearize the sweep rate ofs wept microwave or optical
signals.

Int reduction

Sevcxal researchers
frequency signal to

have described a frequency-domain technique which uscs a lincarl y swept
obtain range and amplitude information from multiple reflections in fiber

optic systenls]’2’s. The radar community refers to this technique as Frequency-Modulation
Continuous-Wave or FMCW4. In these systems a linearly swept frequency signal is
transmitted to one or more reflections. When the system receives the reflected signal it is
hctcrod yncd against the transmitted signal an(i produces a low frequency composite signal.
This composite signal is analyzed to obtain the range and relative magnitude information for
each reflection.

in this paper we describe a technique which uses a fiber optic delay line and FMCW in
reverse to generate highly linear swept frequency signals. in turn, the linearly swept
frequency signal that is gcncratcd can bc used to improve I:MCW  systems such as optical
and microwave radar systems, frequency domain rcflectometers, fiber optic distributed scnsm
querying systems, and metrology systems for surveying and precise distance measurements.

Range resolution for FMCW systems depends on the Iincarity  of the frequency sweep. If the
frequency sweep is not linear the range information is smeared. This limits the accuracy of
the range information and the minimum resolvable d istancc  bctwccn reflections.

* This work was carried out at the Jet Propulsion Laboratory, California InsLitute of l’eclmology,  relet a
cm ract with the U. S. National Aeronautics and Space Administration.
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Range resolution also depends on the frequency range of the swept frequency. It is difficult
to ach icvc highi y 1 i near frequency sweeps over a large frequency range using traditional
techniques . IIowever,  ‘I’hetechnique described l~erecal~acl~icve  l]igllly  linear frequency
sweeps over a very w idc frequency range. Iior example it can I i]icarize  the sweep of an
optical frequency over a terahertz frequency ranges.

Dcscript  ion

Referring to I;ig. 1, a swept frequency signal is applied to the input of a fiber optic delay
line. in the case of an RI; or microwave swept frequency signal generator the signal is
transmitted through the optical delay line as amplitude modulation on an optical carrier.

The phase of the input signal can bc dcscribcd  by,

t
(pin = (( Oo+ctt)dt  = cdo+-~at2

w h e r e ,  co. == the starting frequency,

t = the time, and

a == dddt == the frequency sweep rate.

‘1’hc phase at the far end of the delay line

L+T

(1)

9CJ”L  = s (tiO+at) dt=@O(t+z)  +~a(L+~)2
o

=  mot+~at2+00t+~a~2+(a~)  t.

where, 7 = the delay of the delay line.

‘1’hc difference in phase between the input and output of the delay line can bc obtained with a
phase detector and is, from (1) and (2),

A~(L)  =  
~out-qin = Oo~+-~at2+ (az)t.

( 2 )

(3 )



,

..

l;iltcring  out the DC terms and assuming the input frequency is changing linearly with time
the output can be expressed as a frequency, U’, by dividing both sides of (3) by t,

( 4 )

lion] (4) if the delay, T, is constant and the output frequency, W’, is constant then the slope,
a, must bc constant. 1 n this system the output frequency, u‘, is forced to be constant by
phase locking it to a fixed frequency referenee. This is done as shown in Pig. 2.

A ramp generator sweeps the frequency of a voltage cent rolled oscillator which in turn
amplitude modulates a laser’s optical output signal. The polarization of the optical signal from
the laser is changed from its inherent linear polarization to circular polarization by passing it
through a quarter-wave plate.

After the quarter-wave plate the light is separated into two signals by a polarizing beam
splitter. l;ach of these two signals  takes a different path. One of these optical signals is
applied direetly to a photodetector and the resulting RI; signal is amplified and filtered and
thcJI applied to an R1; mixer.

Thc  other optical signal travels through the fiber optic delay line to its end where a Faraday
rotating mirror rotates its polarization 90 degrees from the incident optical signal. This 90
dcgrcc rotation of the polarization assures that the reflected optical signs]’s polarization will
be at right angles to the polarization of the forward optical signal at the polarizing beam
splitter. Since the polarizations of the forward and reflected optical signals are at right angles
at the polarizing beam splitter the reflected signal will not pass through the splitter but will
be rcftccted  to the photodetector.

The two signals from the photodetectors arc applied to an R]i mixer whose resulting output
signal is the difference between the delay line’s input frec]ucncy  and its output frequency.
‘t’his difference frequency signal and the signal from a reference frequency generator are
applied to a phase detector resulting in a IX error voltage at its output .

‘1’his error voltage is added to the voltage from the ramp generator and the resultant voltage
is applied, through a tracking filter, to the voltage controlled oscillator. The error voltage
forces the swept frequency to change precisely at the constant rate required to make the
frequency difference across the delay 1 ine equal to the frequency of the reference generator.

Conclusion

We have described a technique using an optical delay line to generate an extremely linear
frequency sweep over a very wide frequency range. The swept signals can be at RF,
microwave, or optical frequencies. “1’he signals thus generated can be used in many
appl iv~t ions including Synthetic aperture radar, frequency domain reflectometers,  optical
metrology systems, and precise d istanee  measurement systems.
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Fig. 2- Block diagram of a linear swept frequency generator.


